Recent progresses of the terahertz time-domain spectroscopy are reviewed in view of broadening the detection bandwidth that can be measured. Using an ultra-short pulsed laser with the pulse duration of 15 fs and photo-conducting antennas in the re‰ection geometry, we can realize useful broadband terahertz spectrometers that are capable of measuring real and imaginary parts of the dielectric constants in materials over a wide frequency range. The detection bandwidth expands up to 20 THz with the continuous phase information with only a small discontinuity around 8 THz. Even the higher frequencies up to 170 THz can be generated and detected using a 5-fs pulsed laser with on organic nonlinear crystal (DAST) and a photo-conducting antenna. These methods have a wide range of the applications and the several examples such as characterization of dielectric thinˆlms and light-pump terahertz-probe spectroscopy are reviewed.
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. は じ め に
となる．ここで，m はキャリアの移動度であり e は光励起キ ャリアの有効電荷，n(t)はキャリア密度，F が印加電場強度 Observed terahertz spectrum using the setup shown in Fig. 2 23) . Inset shows the corresponding waveform. The detection bandwidth expands up to 20 THz without any spectral features except small frequency range around 8 THz. Due to the rapid scanning using the shaker, good signal to noise ratio can be obtained within 500 s. Fig. 4 Experimental setup using the 5 fs ultrashort pulsed laser system. The laser output wasˆrst negatively chirped using dispersion compensation mirrors (DCM) and the amount of the chirping was controlled by the BaF 2 plates placed both in the generation and detection arms. The pulse duration was measured by using the spectral phase interferometry for direct electric-ˆeld reconstruction (SPIDER) technique. The DAST crystal and the photo-conducting antenna were used for generation and detection of the broadband THz wave respectively. We used the lock-in ampliˆer and the chopper for the measurement. Geˆlter was used to cut the low energy tail of the laser itself. The inset shows the sample conˆgura-tion. In order to get the precise phase diŠerence due to the thinˆlm, we restrict the area for deposition and use the same substrate for measuring sample and reference data. 
